Abstract. The axial component of the oceanic tidal angular momentum (OTAM) has been demonstrated to be responsible for most of the diurnal and semidiurnal variations in Earth's rotational rate. In this paper we study the equatorial components of OTAM and their corresponding effects on the orientation of Earth's rotational axis, or polar motion. Three ocean tide models derived from TOPEX/Poseidon satellite altimetry are employed to predict the polar motion excited by eight major diurnal/semidiurnal tides (Q1, O1, P1, K1, N2, M2, $2, K2). The predictions are compared with geodetic measurements of polar motion from both long-term observations and during the intensive campaign Cont94. The prograde diurnal and prograde and retrograde semidiurnal periods are treated, whereas the retrograde diurnal polar motion is not treated (because it cannot be observed directly and uniquely.) The comparison shows generally good agreement, with discrepancies typically within 10-30 micro-arcseconds for the largest tides. The eight fides collectively explain nearly 60% of the total variance in subdaily polar motion during Cont94. This establishes the dominant role of OTAM in exciting the diurnal/semidiurnal polar motion and paves the way for detailed studies of short-period nontidal polar motion. The present accuracy, however, is inadequate to shed light on the prograde diurnal polar libration.
Introduction
Earth's rotation varies slightly with time due to geophysical processes that involve mass movement on or within the Earth. We say that these geophysical processes "excite" Earth rotational variations, which manifest themselves as changes in both the rotational speed and the rotational axis orientation. The scalar variation in the rotational speed is usually expressed in terms of the time derivative of the universal time UT1 (or often the length-of-day if the variation in question is longer than a day). The vectorial variation in the rotational axis orientation relative to the terrestrial reference frame is known as the polar motion.
One important excitation source is the luni-solar tides, as they influence Earth's rotation in a variety of ways [e.g.,
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UT1 is a scalar quantity and all observers agree on its value independent of the reference frame. The rotational axis orientation, however, is a reference frame-dependent vectorial quantity: While methods that are sensitive to absolute rotation (such as those based on gravimetry or gyroscopic principles) can potentially make direct measurement of the "true" polar motion [Chao, 1991 ] , present precise measurements of Earth rotation have been solely obtained from space geodetic techniques which measure the relative rotation. The space geodetic techniques do not determine the polar motion uniquely; instead, they observe the orientation of the celestial ephemeris pole [e.g., Eubanks, 1993; Sovers et al., 1993; Herring and Dong, 1994] . As a result, the retrograde polar motion at the diurnal tidal periods is observationally aliased with and hence inseparable from the corresponding nutations. These terms are relatively large as they include the nutations driven by the external tidal torques and the polar motion resulting from the large solid Earth fides.
Dynamically, in contrast to the simple system function for UT1 excitation, the polar motion system function can be characterized by a linear oscillatory system with two distinct natural frequencies of resonance: the prograde Chandler wobble with a period of about 434 days, and the retrograde free (but see Furuya and Chao [1996] ), and (.Ofca is the negative FCN angular frequency at -1.00232 cpsd, corresponding to retrograde 23.88 hours. The complex-valued pole location p is given in radians; its real part is the x component along the Greenwich meridian, and its imaginary part is the y component along the 90øE longitude, in a right-handed terrestrial coordinate system. Its physical excitation consists of (1) the mass term: the complex-valued quantity c whose real and imaginary parts are the variation in the xz and yz components of the Earth's inertia tensor due to the mass redistribution; (2) the motion term: the complex-valued relative angular momentum h whose real and imaginary parts are simply the x and y components of the relative angular momentum. Here cto o and h collectively represent the oceanic tidal angular momentum (OTAM). When normalized against A to o as expressed in equation (1) northward speed, respectively, of the tidal current assumed to be barotropic and hence uniform over the water column with depth H. These tidal variables are provided by tide models described in the next section. Thus our study of polar motion procxeds by simple application of the principle of conservation of angular momentum; the nature of the torques that give rise to this motion need not concern us here.
Ocean Tide Convention and Models
To evaluate c(t) and h(t) of equation (2) requires global models of ocean tidal height and current fields. As is traditional, these models are decomposed into a set of discrete frequency components, or constituents, thus enabling evaluation of c(to) and h(to) in (1). This paper considers in detail the eight major diurnal and semidiurnal tidal constituents listed in Table 1 (Q•, 01, P•, K 1 , N 2 , 342 , S 2 , and Ka). Additional smaller fides are available from at least one of our analyses, and they may, in any event, be roughly inferred through admittance relationships [Munk and Cartwright, 1966] .
This section discusses three global (or near-global) tide models and presents their implied estimates of polar motion Table 1 , but evident in expansions such as that of Cartwright and Tayler [1971] , are the many additional smaller spectral lines comprising each tidal constituent. For the eight constituents listed, these lines occur significantly in only lunar tides; they differ in the fifth Doodson number (not shown), denoting dependence on the longitude of the lunar node and thus differing in frequency from the fundamental line by one or two cycles in 18.6 years. These nodal modulations are particularly important for 0•, K•, and K 2. Obviously, they should be accounted for in any tidal analysis based on short time spans and in any tidal prediction. They have been rigorously accounted for in the ocean models discussed below. In VLBI and SLR analysis, authors have been inconsistent: some have and some have not allowed for them; fortunately, many of these space geodetic data sets are approaching two decades duration, so the neglect may not be so crucial.
Not shown in
One method of allowing for nodal modulations is to adopt the "nodal factor" F and U, which vary periodically with the lunar node [Doodson and Warburg, 1941] 
p(t) = A•, exp[ io•,+i{(t) ] + A r exp[ i•-i{(t) ]
where {[}(t) is the tidal argument as given in Table 1 , and subscripts p and r indicate prograde and retrograde, respectively. Tables 6 and 7 will be in terms of the amplitudes A• A r and phases ai,, e•.
Ocean Tide Models
The three ocean models adopted here are based on analysis of the TOPEX/Poseidon (henceforth T/P) satellite altimetry where g is the mean surface gravitational acceleration, f = 2tOoCOS0 is the Coriolis parameter, •o is the "equilibrium" tide given by (1 +k2-h2)/g times the primary tidal potential, with the Love numbers k a and h 2 allowing for the elastic deformation of the body tide. The term T accounts for loading and selfattraction of the tide and is here computed through a highdegree spherical harmonic expansion (to degree 180) of the height field • [Hendershott, 1972] .
F_xluations (3) contain no advection terms, no viscosity terms, in fact, no dissipative terms whatsoever. They are appropriate strictly to the deep ocean. This restriction is acceptable because even though shelf current velocities exceed deep-ocean velocities by 1 or 2 orders of magnitude, the small mass (shallow depth) associated with these currents implies that their angular momentum is of little importance (see below). Of course, in purely nmx•cal hydrodynamical models of the tides, careful handling of dissipative mechanisms in shallow seas is crucial; here these mechanisms are implicit in our adopted (measured) height fields. Brillouin [1932] ). We have not pursued this in any depth partly owing to the difficulties inherent in higher derivatives of measured (hence noisy) height fields. To our minds, assimilation methods hold more promise, and model C to which we now turn is an example.
Model C is derived using a generalized inverse or assimilation approach with a shallow-water hydrodynamic model [Bennett, 1992 Unlike the methods of models A and B, the inverse methodology of model C provides a formal mechanism for computing error covariances and hence for placing standard errors on Earth rotation parameters. Work is in progress to accomplish this. For now, we must rely on model differences as the best guide to errors. In fact, given the difficulties of properly defining realistic covariances, including in inverse-theoretical approaches, reliance on differences of independent models is not necessarily a hindrance.
Nonetheless, the height fields of these models have been well studied. Table 3 shows similar behavior for semidiurnal OTAM. The situation reverses for diurnal OTAM in x and y directions where the mass terms are generally, although not always, larger. Before leaving the topic of model results, we also use the OTAM integrals of model C to investigate the influence of shallow seas and to justify the neglect of shallow-sea currents in models A and B. Table 4 shows the x and y OTAM components for the M 2 tide of model C, with and without the shallow seas. As expected, the currents in shallow areas contribute an insignificant amount to OTAM. Such is not the case for the tidal heights, however. Tidal heights in shallow water can be quite large, and they contribute appreciably to the inertia tensor. Unfortunately, fides in these regions are also be explained by spin libration. In fact, the two sets of estimates (VLBI and SLR), though agreeing relatively well within themselves, disagree by more than two standard deviations.
•his implies the presence of significant systematic errors in at least one set of observations, and possibly both, due possibly to 
